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The two methods used identify all the of the molecules that 
bind to an estrogen receptor within the first 73 in one case and

 

74 in 
the other case of a 281 chemical data base.  There is considerable 
overlap of the false positives between the two methods but also some 
false positives that are unique to each method.  

In this case these methods work reasonably well for priority 
setting.

Because a number of the false negatives are the same in each 
method, there may be some systematic source of false negatives –
a structural determinant.

Because there are a number of false negatives that are unique 
to each method then using the methods together will give a 
smaller false positive rate. 

Discussion

The Conundrum !!!!!The Conundrum !!!!!
The application of modern experimental techniques to the The application of modern experimental techniques to the 

study of chemical toxicity has let to an explosion of data study of chemical toxicity has let to an explosion of data 
that is relevant to the risk assessment process.that is relevant to the risk assessment process.

Often that data is not quite the data one would want for Often that data is not quite the data one would want for 
evaluating risk.evaluating risk.

How does one use the existing data to obtain the How does one use the existing data to obtain the 
information needed and/or to determine which is the key information needed and/or to determine which is the key 
missing data?missing data?

Application of the Application of the In SilicoIn Silico

 

ToxicantToxicant--Target Approach to Screening a Chemical Library for EstrogenicitTarget Approach to Screening a Chemical Library for Estrogenicityy
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Strong Vs. Weak BindersStrong Vs. Weak Binders

MEANMEAN
KuiperKuiper ~ ~ --7.27.2
LAWS ~ LAWS ~ --2.42.4

All 15 weakAll 15 weak--binders binders 
from Laws (HPV) are from Laws (HPV) are 
all below all below LogKiLogKi --3, 3, 

-8 -7 -6 -5
-4 -3 -2 -1 0 1

HPV

biomolecular

0
10
20
30
40
50
60
70
80
90

HPV
biomolecular

Graphic by M.R. Goldsmith

0

10

20

30

40

50

60

70

80

90

100

-19 31 81 131 181 231 281

% DISC_LEV3
TRU_POS
FAL_POS
#REF!

0

10

20

30

40

50

60

70

80

90

100

0 50 100 150 200 250 300

%_DISCOV_FRED
TRU_POS
FAL_POS

J. R. Rabinowitz, S. B. Little and M.-R. Goldsmith, National Center for Computational Toxicology, U.S.

 

EPA, RTP, NC

In many mechanisms for the adverse effects of environmental chemicals a critical and perhaps differential step requires the 
interaction of the chemical with a biological macromolecule.  Where the macromolecular target is a receptor, this interaction may 
be studied by computationally docking the putative ligand into the receptor binding site.  Environmental estrogenicity is an 
example of a process that can be modeled by this in silico

 

approach.  In this study the capacity of a series of 318 chemicals to bind to 
the estrogen receptor has been evaluated using two different methods for docking.  Each method depends on semi-empirical 
approaches to evaluate the interaction but varies in these specifics: 1) The method for the discovery of the best possible fit between 
the putative ligand and the receptor, 2) the determination of the energetics of each fit, 3) the semi-empirical atom based 
parameterization of the interaction.  The data set studied contains 281 chemicals recently evaluated using a single rat uterine ER 
binding assay.  This data set contains chemicals that bind much more weakly than estrogen and non-binders.  In addition, 37 
known strong binders were added.  The protein targets were derived from known rER

 

and hER

 

crystal structures.
The result of the docking calculations is a list of chemicals ordered by their predicted affinity for rER.  All of the experimental rER

 

binding chemicals appear in the first 27% of the list but are not ordered by their binding affinity.  The choice of demarcation 
between predicted binding and non-binding chemicals is determined by the balance between false positives and false negatives and 
will be discussed.  These results suggest that this approach has

 

value as a prescreen for setting testing priorities. 

Abstract

H11a H12
MET VAL PRO LEU TYR ASP LEU LEU LEU
528 534 535 536 537 538 539 540 541

MET 343 11.11 19.87 19.70 18.29 21.95 23.15 20.62 21.55 25.16
LEU 346 14.29 19.53 19.18 16.97 20.38 21.57 18.59 18.93 22.67
THR 347 12.10 15.81 15.69 13.78 17.36 18.28 15.38 16.21 19.83

H3 ASN 348 15.31 16.42 16.94 15.01 18.41 18.70 15.34 16.33 19.79
LEU 349 17.47 18.66 18.60 16.02 19.09 19.79 16.36 16.48 20.09
ALA 350 15.79 16.37 15.71 12.81 15.77 16.93 13.75 13.50 17.25
ASP 351 16.04 13.58 13.56 10.96 13.94 14.34 10.87 11.31 14.84
GLU 353 20.47 18.06 17.46 14.17 16.27 17.08 13.65 12.59 16.03
TRP 383 18.05 16.58 13.97 10.30 11.34 14.16 12.56 10.18 13.48
LEU 384 15.97 17.81 15.28 11.96 13.75 16.65 14.97 13.25 16.74

H6 LEU 387 19.18 20.68 18.73 15.19 17.02 19.37 16.97 15.08 18.65
MET 388 19.33 23.20 21.02 17.68 19.57 22.25 20.12 18.30 21.85
LEU 391 22.20 26.14 24.46 21.09 23.18 25.41 22.78 21.10 24.70
ARG 394 27.38 30.82 29.34 25.86 27.76 29.77 26.93 25.08 28.50
LEU 402 22.99 30.21 28.89 25.98 28.64 30.76 28.04 27.01 30.76

S1 PHE 404 20.86 25.91 25.02 22.09 24.89 26.52 23.46 22.70 26.44
GLU 419 10.56 23.41 22.55 21.42 24.86 26.71 24.84 25.51 29.06
GLY 420 9.77 22.40 20.96 19.65 22.81 25.08 23.53 23.83 27.32

H8 MET 421 13.46 25.09 23.50 21.71 24.72 27.16 25.38 25.23 28.86
ILE 424 16.72 26.86 24.67 22.42 24.89 27.79 26.22 25.35 28.89

PHE 425 18.40 28.49 26.67 24.29 26.97 29.61 27.62 26.84 30.52
LEU 428 21.32 29.18 26.98 24.10 26.25 29.12 27.18 25.70 29.27
MET 517 17.41 24.70 21.91 19.34 21.08 24.39 23.27 21.77 25.03
LYS 520 13.33 22.50 19.78 17.97 20.01 23.22 22.50 21.71 24.84
GLY 521 11.35 19.98 17.60 15.59 18.08 21.00 19.80 19.24 22.62

H11  MET 522 9.95 17.00 14.34 12.63 14.96 17.97 17.25 16.86 19.97
HIS 524 6.71 18.73 16.82 15.93 18.80 21.28 20.40 20.78 23.94
LEU 525 5.44 15.17 13.46 12.51 15.66 17.86 16.78 17.42 20.61

min= 5.44 5.00 to 15.00
max= 30.82 ranges 15.00 to 25.00
step= 8.4596 25.00 to 35.00

H11a H12
MET VAL PRO LEU TYR ASP LEU LEU LEU
528 534 535 536 537 538 539 540 541

MET 343 8.31 6.49 9.46 10.13 12.05 15.71 16.19 13.00 14.07
LEU 346 12.10 10.19 11.84 11.04 11.40 14.76 14.22 11.36 13.77
THR 347 10.80 8.17 8.88 7.41 7.66 11.03 10.77 7.89 10.11

H3 ASN 348 14.05 9.90 9.72 8.53 7.44 10.69 10.73 9.02 11.59
LEU 349 15.88 12.92 13.20 11.58 10.26 12.98 11.93 10.19 13.46
ALA 350 14.68 12.99 13.13 10.65 9.43 11.62 9.78 7.56 11.06
ASP 351 15.44 12.67 11.71 8.85 6.52 8.24 6.59 5.42 9.02
GLU 353 19.61 17.53 17.03 14.26 11.90 12.96 10.34 9.84 13.68
TRP 383 18.04 19.15 18.98 15.56 14.56 14.65 11.26 9.70 12.15
LEU 384 15.57 17.47 18.02 15.03 14.82 15.76 12.92 10.33 12.57

H6 LEU 387 18.09 18.82 19.49 16.73 15.90 17.22 14.27 12.13 15.30
MET 388 18.08 19.86 21.15 18.74 18.54 20.18 17.47 14.87 17.61
LEU 391 20.44 21.09 22.54 20.54 20.00 22.04 19.55 17.23 20.43
ARG 394 25.27 25.34 26.77 24.96 24.08 26.11 23.61 21.72 25.16
LEU 402 20.26 20.99 23.36 22.44 22.71 25.55 23.88 21.07 23.84

S1 PHE 404 18.63 17.76 19.46 18.32 17.94 20.74 19.18 16.80 19.94
GLU 419 8.74 12.93 16.55 17.61 20.60 23.76 24.09 20.40 20.32
GLY 420 9.82 14.96 18.34 18.67 21.43 24.33 24.12 20.33 20.43

H8 MET 421 10.30 14.34 17.62 17.58 19.85 22.86 22.30 18.55 19.33
ILE 424 13.67 17.86 20.65 19.73 21.42 23.99 22.63 18.99 20.23

PHE 425 15.74 18.83 21.72 20.98 22.35 25.18 23.79 20.29 22.04
LEU 428 18.96 21.90 24.27 22.81 23.55 25.89 23.81 20.64 22.83
MET 517 16.34 20.63 22.52 20.53 21.59 23.23 21.03 17.81 19.13
LYS 520 12.49 17.82 19.78 18.15 19.95 21.62 20.09 16.60 16.92
GLY 521 10.73 15.06 16.88 15.07 16.61 18.48 16.93 13.35 14.14

H11 MET 522 9.96 14.30 15.48 13.32 14.95 16.29 14.88 11.45 11.47
HIS 524 6.21 11.97 14.30 13.47 16.06 18.30 17.82 14.08 13.79
LEU 525 5.23 9.38 11.12 9.81 12.26 14.51 14.14 10.40 10.16

min= 5.23 5.00 to 15.00
max= 26.77 ranges 15.00 to 24.00
step= 7.1796 24.00 to 35.00
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Extrapolations for Evaluating Extrapolations for Evaluating 
the Risk Posed by Chemicalsthe Risk Posed by Chemicals

High Dose to Low DoseHigh Dose to Low Dose
Route of Exposure to Route of ExposureRoute of Exposure to Route of Exposure
Chemical to ChemicalChemical to Chemical
Species to SpeciesSpecies to Species
Population CharacteristicsPopulation Characteristics

Sensitive subpopulationsSensitive subpopulations
Life StagesLife Stages

Complex ExposureComplex Exposure
Dose regimeDose regime
Mixtures of ChemicalsMixtures of Chemicals

The TargetThe Target--Toxicant ParadigmToxicant Paradigm
••The differential step in many mechanisms of toxicity may be The differential step in many mechanisms of toxicity may be 
generalized as the interaction between a small molecule (a generalized as the interaction between a small molecule (a 
toxicant) and one or more macromolecular targets.toxicant) and one or more macromolecular targets.

••Targets include genetic material, receptors, transport Targets include genetic material, receptors, transport 
molecules, enzymes and others.molecules, enzymes and others.

••The difference in activity observed between chemicals acting The difference in activity observed between chemicals acting 
through the same biological mode of action may then be through the same biological mode of action may then be 
understood as differences between their interactions with understood as differences between their interactions with 
putative macromolecular targets.putative macromolecular targets.

Structure Based Screening of Protein Structure Based Screening of Protein 
TargetsTargets

ProteinProtein
Initial protein structures obtained Initial protein structures obtained 

from from www.pdb.orgwww.pdb.org
Relevant targets are optimized Relevant targets are optimized 

and/or modeled in MOE(CCG) using and/or modeled in MOE(CCG) using 
AMBER 94 ForceAMBER 94 Force--Field.Field.

Ligands Ligands 
3D optimized structures.3D optimized structures.

Estimate the Interactions Estimate the Interactions --

 

DockingDocking
(1)(1)

 

eHiTSeHiTS

 

((SimbiosysSimbiosys), (2) FRED (), (2) FRED (OpeneyeOpeneye)  )  
used in this studyused in this study

Ligand Bound Ligand Removed 
Computationally

Creating a Computational Protein Target

Comparison to Data for Binding to the Estrogen Receptor*
281 environmental chemicals were tested and 15 were found positi281 environmental chemicals were tested and 15 were found positive.ve.

All positives were weakAll positives were weak
*from S Laws Laboratory 

ResultsResults

Ehits Fred

Receptor Structure

Different Modes of BindingDifferent Modes of Binding
AgonistAgonist AntagonistAntagonist
Different Proteins in the Same Prep Different Proteins in the Same Prep 
Alpha Alpha BetaBeta
We dock each chemical in both the We dock each chemical in both the 

agonist and antagonist mode of the agonist and antagonist mode of the 
receptor and into crystal structures of receptor and into crystal structures of 
both the Alpha and Beta formsboth the Alpha and Beta forms.

http://www.pdb.org/
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